The electronic nematic phase of Sr3Ru2O7 is investigated by high-resolution in-plane thermal expansion measurements in magnetic fields close to 8 T applied at various angles Θ off the c-axis. At Θ < 10
Electronic nematic states in condensed matter are recently considered quantum analogues of nematic liquid crystals which display directional but no positional order [1] . Their ground state is intermediate between insulating "crystals" and isotropic metallic (Fermi) liquids. Upon forming an electronic nematic phase, the pointgroup symmetry of the underlying host crystal is spontaneously broken, resulting in anisotropic electronic properties which could most easily be detected by charge or heat transport measurements along different crystallographic directions [2] . A spontaneous generation of spatial anisotropy has been found in quantum Hall systems, cuprate and iron-pnictide high-temperature superconductors as well as in the bilayer ruthenate Sr 3 Ru 2 O 7 [3] [4] [5] [6] . In the case of the cuprates, the nematicity characterizes the yet unidentified pseudogap state while for ironpnctides it precedes the orthorhombic lattice distortion and spin-density-wave formation. However, as the fourfold rotational symmetry in these cases is already broken by the lattice, the transport anisotropy arising from electronic nematicity needs to be carefully distinguished from the one resulting from the crystal lattice alone [2] . In this respect, Sr 3 Ru 2 O 7 is considered as a cleaner example as its nematic order develops out of a four-fold symmetric state and is not accompanied by magnetic ordering or charge-density-wave formation. In this Letter, we prove by high-resolution dilatometry that the nematicity in Sr 3 Ru 2 O 7 is related to a spontaneous symmetrybreaking lattice distortion, representing the first example of a structural relaxation driven by strong electronic correlations near a quantum phase transition.
The bilayer perovskite ruthenate Sr 3 Ru 2 O 7 has initially attracted considerable attention due to a fieldinduced quantum critical point (QCP) near 8 T (B c), which is associated with itinerant-electron metamagnetism [7] . Subsequent studies on ultrahigh-quality samples revealed thermodynamic evidence for the formation of a novel phase below 1 K, bounded in field by two firstorder metamagnetic transitions, which intervenes in the approach of the QCP [8] . Within this phase, the electrical resistivity reaches a maximum and becomes temperature independent, indicating a reduction of the charge carrier mean free path. This has been ascribed to the formation of domains resulting from a Pomeranchuk-like Fermi surface distortion. As the magnetic field is tilted by a small angle of Θ = 13
• towards the ab-plane, the inplane resistivity develops a pronounced anisotropy within the phase, suggesting the formation of an electronic nematic fluid [6] . The isotropic resistivity behavior at B c would then arise from the random orientation of domains which could be aligned by an in-plane field.
The electronic structure of Sr 3 Ru 2 O 7 results from the partially filled Ru t 2g -states hybridizing with the O porbitals. The Fermi surface is complicated because of bilayer splitting of multiple bands, a 7
• rotation of the RuO octahedra leading to a √ 2 reconstruction of the Brillouin zone and spin-orbit coupling. Six bands have been experimentally identified [9] , which have different quasi one-dimensional (1D) (d yz and d xz ) and quasi twodimensional (d xy ) orbital character. According to tightbinding band-structure calculations, the metamagnetic transitions and the nematic ordering result from the quasi-1D bands which are close to van-Hove (vH) singularities [10] [11] [12] . The nematic state is characterized by a few percent difference in occupation between d yz and d xz derived bands. This (partial) "orbital ordering" breaks the four-fold rotational symmetry of the system. However, since electrons close to a vH singularity have a very small velocity, their influence on the charge transport in such a multiband system is negligible. Thus, the observed resistivity anisotropy must be related to domain wall scattering rather than being intrinsic to the nematic phase [10] . If the domains are fully lined up, e.g. by an in-plane magnetic field, the resistivity should become insensitive to the nematic phase, although the nematic ordering could even be stronger. Therefore, dilatation measurements probing the intrinsic lattice anisotropy are a much better indicator for the nematic phase.
The measurements were performed on a high-quality single crystal studied previously by thermal expansion and magnetostriction along the c-axis [8, 13] . In order to determine the length change along the a-axis while applying a field along the c-axis, a miniaturized highresolution capacitive dilatometer, which can be rotated in the bore of a superconducting magnet, has been utilized. Two parallel flat springs exert a uniaxial pressure of about 15 bar along the measurement direction a. The linear thermal expansion coefficient α(T ) is obtained by calculating the slope of the relative length change in temperature intervals of 40 mK.
At first, we focus on the thermal expansion signature of the nematic phase for untilted magnetic fields (B c).
As shown by the black line in Fig. 1a , a distinct anomaly in the length change is found around 1 K which corresponds to a sharp discontinuity in the thermal expansion coefficient displayed in Fig. 1b , indicative of a secondorder phase transition, also found in specific heat measurements [14] . Note that our previous length measurements along the c-axis have only detected a very small signature at the phase boundary [13] , indicating that the nematic transition primarily affects the ab-plane.
Next, we compare these data with corresponding measurements in a tilted magnetic field. In order to investigate the a-axis length change parallel to the in-plane field, the entire dilatometer has been rotated in the bore of the superconducting magnet. In a second run to determine the a-axis change perpendicular to the in-plane field, the sample has been rotated around a, while the dilatometer has been kept in its original position. In either case, the angle Θ with respect to the c-axis has an error of ±1
• . As shown in Fig. 1 , the tilting of the field has no significant effect at temperatures above 1.2 K. By contrast, a pronounced anisotropy evolves at the nematic transition, which is the central observation of this study. Despite the application of an in-plane field, the system retains its four-fold in-plane symmetry above the transition, which is then spontaneously broken at 1.2 K.
We have also studied the lattice anisotropy in the nematic phase at larger tilt angles, cf. Fig. 2 . Compared to Θ ≤ 5
• , thermal expansion within the phase is much enhanced and the length changes parallel (∆L ) and perpendicular (∆L ⊥ ) to the in-plane field have similar size and opposite sign. This indicates an area preserving lattice distortion of order 2×10 −6 . This is still smaller than the instrumental resolution of elastic neutron scattering, which has failed to detect a splitting of the (020) peak [6] . Below 0.5 K Fermi liquid behavior |α| = a 1 T is found, with a highly enhanced coefficient a 1 ≈ 6 × 10 −6 K −2 , which is independent of B (within the nematic phase) and Θ (for Θ ≥ 10
• ).
Our experiments strongly support the domain scenario described above. Since there is no difference in the observed distortion between the measurements at 10
• and 15
• , the sample appears to be effectively monodomain at Θ 10
• . The thermal expansion discontinuities at the nematic transition indicate that the a-parameter of Sr 3 Ru 2 O 7 contracts (expands) along the direction par- allel (perpendicular) to the in-plane field upon cooling through the nematic transition. Without an in-plane field, the uniaxial pressure parallel to the measured a-axis leads to a contraction upon cooling through the nematic transition (cf. Fig. 1 ), although it is not sufficient to align all nematic domains. The contraction is enhanced by a superposed in-plane field along the direction of the uniaxial pressure while it is reduced for a perpendicular in-plane field.
We now turn to the measurements of the isothermal magnetostriction. At low temperatures, the nematic phase is bounded in field by two first-order metamagnetic transitions at B c1 = 7.85 T and B c2 = 8.07 T for Θ = 0 [8] . Our previous c-axis dilatation measurements have detected two positive peaks in the magnetostriction coefficient in close similarity to respective peaks in the magnetic susceptibility, indicating a substantial magnetoelastic coupling, leading to an expansion of the c-axis at each increase of the sample moment [8, 15] .
The lattice distortion in the nematic phase is most clearly reflected in low-temperature isothermal magnetostriction measurements along the a-axis at angles Θ 10
• , c.f. Fig. 3 . Upon entering the phase at the lower metamagnetic transition, a pronounced expansion is found perpendicular to the in-plane field direction, whereas parallel to the in-plane field a contraction is ob- served. At B c2 the plane then mainly expands parallel to the in-plane field. This is compatible with an orthorhombic distortion as sketched in the inset. Fig. 4 displays the evolution of the phase diagram of Sr 3 Ru 2 O 7 with the tilt angle. At Θ = 0, the nematic phase is bounded in field by two lines of first-order transitions ending at tricritical points [8] that are connected by a line of second-order phase transitions (indicated by the dashed black line) [14] . An in-plane component of the magnetic field explicitly breaks the C 4 symmetry, leading to anisotropic behavior already outside the nematic phase. The nematic transition is then no longer defined by a spontaneous symmetry breaking. What was a nematic transition for Θ = 0 should now be called meta-nematic transition in the presence of an in-plane field [17] . Specifically, the continuous transition above the critical points should become a crossover (cf. dotted lines), similar to the transition in an Ising ferromagnet in a small external symmetry breaking field. The thermal expansion signature at the "roof" of the nematic phase changes with increasing Θ, but these data alone do not allow to definitely classify the order of the transition.
The following scenario, sketched in Fig. 5 , may account for our observations: The formation of the electronic nematic phase in Sr 3 Ru 2 O 7 leads to distorted domains with interchanged a and b-axis, which can be aligned in tilted fields. These domains are responsible for the peak of the electrical resistivity [8] . The average domain wall separation is of the order of 500 nm [18] . Thermal expansion in tilted fields indicates that the domains are almost fully aligned for Θ 10
• . However, a few percent misaligned domains, which are hardly seen in thermal expansion, may still lead to additional scattering in the electrical resistivity. Most surprisingly, the resistivity peak is completely suppressed already at Θ 5
• for the direction parallel to the in-plane field ("easy" transport direction), whereas it remains up to about 20
• along the orthogonal direction ("hard" direction) [6] . This indicates that the domain wall scattering is highly anisotropic, likely because the domains are stretched along the easy transport direction. If an in-plane field along the in-plane x direction leads to a preferential occupation of the perpendicular d yz orbitals [12] , elongated domain walls perpendicular to the in-plane field are energetically favorable, since they don't break the d yz orbital bonds. Consequently a domain structure as sketched in Fig. 5 is stabilized. Our measurements prove that there is an expansion of the lattice along the easy transport direction parallel to the orbital bonds in the major domain. The Fermi surfaces responsible for the nematic ordering are hole like. Since electrons in hole-like bands are similar to anti-bonding states in molecules, a reduction of the bandwidth due to a lattice expansion is favorable, as it reduces the kinetic energy of electrons in these states. Thus, the observed lattice distortion is consistent with the orbital ordering description of how four-fold rotational symmetry is broken in Sr 3 Ru 2 O 7 [19] .
Finally, we comment on the general implications of our observations. Under certain conditions, fulfilled e.g. for metamagnetic or valence instabilities, the order parameter fluctuations couple linearly to the lattice, leading to a divergence of the compressibility [20] . Then, the lattice may become unstable against a structural relaxation close to the QCP, as found in our experiments on Sr 3 Ru 2 O 7 . This observation should motivate the search for other structural instabilities driven by quantum criticality and the development of models, taking into account the coupling between phonons and quantum critical fluctuations.
In conclusion, the electronic nematic phase in Sr 3 Ru 2 O 7 is characterized by an area-preserving symmetry breaking lattice distortion of several 10 −6 . If the symmetry is not broken explicitly by a sufficiently large in-plane field, domains with interchanged a and b-axis form, leading to a much smaller overall distortion of the sample. The domain formation seems also responsible for the observed transport anisotropy [6] . The lattice expansion perpendicular to the in-plane field is compatible with the proposed orbital ordering in Sr 3 Ru 2 O 7 [10] [11] [12] . In general, our observation represents a fascinating example of a structural relaxation driven by strong electronic correlations. Compared to the recently discussed nematic ordering in iron-pnictides [5] , the lattice distortion in Sr 3 Ru 2 O 7 occurs at 100 times lower temperatures and is more than 100 times smaller. Most remarkably it is not accompanied by magnetic ordering and represents the first example of a lattice instability in the immediate vicinity of a QCP.
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